Purpose -This paper aims to study the main determinants of house price increase in Sydney using quarterly data for the period of March 1994 to June 2014. The paper examines whether variables such as population growth, family income, mortgage rate and supply factors that contribute to the changes of Sydney house prices.
Introduction
House prices in Sydney have increased substantially over the last decade. In 2003, the median price of established houses was $473.630 and reached to $811,837 in June 2014, an increase of around 70 per cent. Figure 1 depicts the median price of established houses in Australian capital cities (Real Estate Institute of Australia (REIA), 2014) for the period of June 1991 to June 2014. It displays that house prices were shown relatively stable in 90s and the period of global financial crisis and great appreciation since 2000 and after GFC for most of the cities. Sydney house prices trend in a unique manner comparing to other cities in Australia. This paper explores the main determinants that cause prices to increase dramatically with families pushed into the rental market as they cannot afford to own a home at such high prices. Demographia's 10 th annual survey of house prices (2014) compares median house prices in terms of average family incomes. The survey found that Australia has the highest average house prices relative to incomes, other than Hong Kong; i.e., there are 60 per cent higher than those of the US, 12 per cent above the UK and 20 per cent above Japan. The Median Multiple (median house price divided by gross annual median household income) for Sydney is nine times, compared to 6.2 times in New York and 7.3 times in London. There has been extensive research and evidence on the effects of rising house prices on private consumptions and the real economy. Helbling and Terrones (2003) investigated negative effect of house price movements and found that house price busts were associated with output losses twice as large as equity bubbles. Zhu (2003) studied the relationship between real GDP and house prices and argued that increases in house prices can have a positive impact on real GDP in many countries. Rising house prices increased wealth of homeowners but also reduced the affordability of those households who want to purchase their own homes (Rahman, 2008) . Rahman (2008) also suggested that rising house prices attract investment activities because there is an expectation of high returns on investment properties. The continuous increase in house prices could create house price bubbles which could lead to a major correction or bust and lead to house price decline. The up and down house price movements thus could affect the local economy and the financial system. Understanding the factors that affect house price movements is essential for formulating policies to stabilize housing market and the economy as a whole.
House price movements can be differed substantially across sectors and countries (Zhu, 2003) . This paper investigates the main determinants of house prices in Sydney and examines the exogenous and endogenous factors that contribute to house price movements. The quarterly data for the period from March 1994 to June 2014 was collected from the Australian Bureau of Statistics and Reserve Bank of Australia for conducting the analysis. Multiple regression analysis was applied to develop house price models. The remainder of the paper is organised as follows with the next section reviewing the main factors that contribute to house price movements. The house price models for Sydney are then developed. Based on the findings, a discussion of findings and concluding remarks are contained in the final section.
The Main drivers of house prices
House prices are primarily determined by demand for and supply of housing . Housing demand and supply are distinct from the demand and supply of other commodities (Omar & Ruddock, 2002) . This is because housing has its specific characteristics, such as durability, heterogeneity and locality (Megbolugbe et al. 1991; Muth and Goodman, 1989; Arnott, 1987) . The durability of housing units influences the determination of the demand for housing, the specification of the housing utility function, and the income constraint on demand (Maclennan, 1982) . As a durable asset, a housing structure provides both consumption and investment services (Muth & Goodman, 1989) .
The housing demand decision is strongly influenced by household incomes, population growth, migration patterns and demographic composition of the market (Megbolugbe & Cho, 1993) . An increased population and a reduction in the average size of households increases the demand for housing. Most literature has demonstrated that demographic factors are statistically significant, contributing to the development of housing prices in econometric models mainly in the long term (Rosen, 1979; Turner & Struyk, 1984; Anas & Eum, 1984; Haurin & Gill, 1987; Goodman, 1990; Meen, 1995; Ho & Ganesan, 1998) . Manning (1989) and Potepan (1994) have each considered the role of population growth. Potepan (1994) suggests that a higher level of current population growth tends to raise current housing prices through the expectation that higher future population levels will cause higher future housing demand, and that migration influences housing price and vice versa. Dieleman et al. (2000) have demonstrated that population growth and employment growth seem to create differences in the rate of turnover and the differences in price levers. Woodward (1991) has argued that fluctuations in the demographic profile should have little influence on prices.
The demand for housing is amplified by increased income. Income not only influences the ability of a household to afford the continuing cash flow burdens of housing, but influences a household's lifetime wealth prospects (Pozdena, 1988 ). An expected rise in income will increase the aspiration of home owning and the incentive of investing in property, and housing demand increases, as does housing price (Dieleman et al., 2000) . Muth (1960) concluded that housing demand is highly responsive to changes in income and price. His empirical results indicated that the most important factor in the determination of house prices is real income. According to Goodman (1988) , real incomes, real mortgage lending, consumer prices and changes in household income gearing contribute significantly to explaining short-term changes in the price of existing dwellings.
The degree to which affordability constraints are binding depends on the effect of the economic and business cycle on demand levels and and the current interest rate (Pozdena, 1988) . When the economy slips into recession and housing prices start to fall, the affordability of houses increases (Sven & François, 2001 ). The availability of housing loans and government subsidies will influence consumers' choice of whether or not to buy a home (Omar & Ruddock, 2002) . Sutton (2002) examined the house price fluctuations in six advanced economies, namely, the United States, the United Kingdom, Canada, Ireland, the Netherlands and Australia. He suggested that decreases in real interest rates lead over time to increases in house prices. He found that a 100 basis point decrease in the real short-term interest rate leads to an increase in house prices in the range of ½-1½ percentage points over four quarters. For all countries, there is a weaker response of housing prices to decreases in long-term interest rates. Sutton (2002) also found that Increases in the growth rate of national income would be expected to lead over time to higher house prices. A 1% increase in the growth rate of GNP is associated with a rise in real house prices in the range of 1-4% after three years. developed a long-run equilibrium model and a short-run asymmetric error correction model to examine the changes in real house prices in Australia from 1970 to 2003. They found that real house prices are determined significantly by real disposable income, general inflation level as represented by the consumer price index, unemployment rate, real mortgage rates, equity prices and the available housing stock.
The supply of new housing is relatively inelastic in the short term (Draper, 2000) . The reason is that there are time lags between changes in price and increases in the supply of new properties becoming available, or before other homeowners decide to put their properties onto the market. The long-term impact of time lags on price depends on the length of time to the supply response, which in turn is determined by the price elasticity of supply (DiPasquale, 1999) . Follain, Leavens, and Velz (1993) created a model of the supply of multi-family housing for which permits are a function of rents, the capitalisation rate, the replacement cost per unit of rental housing, and permits are lagged. Their results suggested that the long-term rent elasticity is between 3.0 and 5.0.
There is growing literature on modelling the time series behaviour of house prices in Australia (Abelson, 1994; Bourassa and Hendershott, 1995; Bewley, Dvornak and Livera, 2004; Bodman and Crosby, 2004; Abelson, Joyeux, Milunovich and Chung, 2005; Oster, 2005 , Otto, 2006 and Karantonis and Ge, 2007) . The next section presents an empirical study on house price determinants in Sydney.
A General form of housing price model
A reduced-form equation for the price function derived from the supply and demand functions for owner-occupied housing (DiPasquale and Wheaton, 1994 ) is used to examine the main drivers of house prices in Sydney for the last decade June 2004 -June 2014. To develop a reduced-form housing price model, the first step is to derive a demand equation. The determinants of the quantity of demand for housing can be summarised as demographic factors, housing-related elements and macroeconomic variables, in accordance with the literature review. Thus, the demand equation can be denoted as follows: It is assumed that homeowners aim to maximise utility and that investors aim to maximise their profits (Reichert, 1990) .
The second step is to derive a supply equation. The supply of housing is a function of housing prices, construction costs (including interest rates), material costs and labour costs, and land supply. The quantity-of-supply equation can be denoted as follows:
Qs = f(vi, t)
where Qs = aggregated quantity of new supply during period t S = supply variables vi = variables such as housing price, construction cost, and land supply.
Under an assumption of supply-demand equilibrium within the given period, i.e., Qd = Qs, the functions (5) and (8) give a reduced-form price function: P = f(Qd , Qs, t) (t = 1, 2, 3, … n)
where P = the price of houses sold during period t as a dependent variable. xi, yi, zi, vi are the independent variables.
Assuming a generalised functional form with a multiplicative relationship gives:
The functional form in (Equation 11) can be converted into a linear equation suitable for estimation by standard multiple regression techniques expressed in logarithmic form. A one-period lagged autoregressive error term Pt-1 is applied to the model. Thus, the multiple regression equation for housing price becomes:
where β0 … β5 represent the intercepts and the regression coefficients (or elasticities) associated with the respective explanatory variables εt = a disturbance term for quarter t, where εt ~ WN (0, σ 2 ).
The role of economic activity, population growth, mortgage rates and inflation were key drivers of the real growth rates of house prices in Australian capital cities for the period of 1986:2-2004:3 (Otto, 2006) The population in the New South Wales Australia has increased to around 7.5 million on June 2014 from around 5.9 million on June 1991 (ABS, 2014). There have been around 60,000 net overseas migration that come to live in the New South Wales each year. In the long term, these increases in population will increase the demand for housing and thus prices (Megbolugbe & Cho, 1993) . Sydney is the state capital of New South Wales located on Australia's east coast and is considered a global cultural and economic centre (Kearney, 2014) . At the time of the 2011 census, the population of Sydney was 4.39 million people of which 1.5 million of this total were born overseas. 42.5 per cent of the 1.5 million were born overseas are from England, China, India, New Zealand and Vietnam. Family income and unemployment rate
The real income of households directly reflects their ability to spend. The higher the income, the greater the capacity to pay for higher the demand for houses thus prices. On March 1994, the median weekly family income was $665 and $1,553 on March 2014, increasing by a factor of 1.34 times over 20 years. However, real family income was rapidly increased comparing to the nominal. It was $570 on March 1994 and reached to $2,313, increasing by a factor of over three times over the last 20 years. Real median weekly family income was derived by deflating consumer price index (June 2000 = 100). The difference of the nominal and real median weekly family income was compared in Figure 3 . In this study, median family income per week in the New South Wales was used as a proxy of income factors. The unemployment rate in NSW was high in 90s and gradually reduced to around 6 per cent over the last decade. The higher the unemployment rate implies less earnings for families and thus less the available money for housing, which will have negative impact on house prices. Housing supply and lending rate Most households are required to borrow money in order to access home ownership. The repayments are based on the loan amount with the term of the loan generally between 25 or 30 years for most of the households. It is expected that highermortgage rates imply higher burdens of repayments, housing becomes less affordable and thus have a reducing impact on house prices. The mortgage rate in Australia is affected by the cash rate set by the Reserve Bank of Australia. The higher the cash rate, the higher the mortgage rate. The mortgage rate in Australia was as high as of 14 per cent on June 1991 during a period of poor economic conditions and high unemployment rates. Financial deregulation accelerated lending competition among banks and financial institutions by reducing the security they required and lowering their rates. The standard variable lending rates for loans were around 6 to 8 per cent for a long period House prices are partially related to the shortage of supply (Janda, 2014) . Scarcity of land, government planning system, and development approve process could the factors impact on supply houses. In addition, economic condition, construction costs and fund available for developers are other elements affect housing supply. In this study, the number of government approval will be used for model development. Since it takes time for constructing houses, the correlation between house supply (number of lapperiod) and house prices will be tested prior modelling.
Data and estimated procedure
The estimated procedure for deriving the house price models includes:
• Collecting time series data which includes both supply and demand sides factors; • Data analysis which consists of data pre-processing and correlation analysis; • Selecting variables and developing multiple regression models using SPSS software and stepwise function; and • Verifying the developed models, analysing and interpreting the results.
Total 81 sets of quarterly time series data from March 1994 to June 2014 utilising data collected from various sources such as ABS, RBA and RIEA. The source and basic statistics of the collected data used for developing the regression models are shown in Table 1 . Time series data for New South Wales are used as proxy because no time series data are available on population, overseas migration, earnings and housing supply for Sydney region. The median established house price in Sydney is the dependent variable.
Prior to developing the statistical model, all collected data was tested regarding their unit root applying Augmented Dickey-Fuller test using Eview software in order to check whether the time series variables are stationary using an autoregressive model. The unit root test identified that the collected time series data are stationary at 95 per cent, apart from median established house price, median family weekly income and net migration, which are stationary at first difference. Correlation between the dependent and independent variables was also tested. Table 2 shows the results of the tests which indicate that the changes of median established house price is positive correlated with housing supply and unemployment rate and negative correlated with mortgage lending rate and the change of net overseas migration. Adjusted R-square, F-test and p-value were used to test the significance of the derived models. The higher the adjusted R-square, the better the model value. Variance Inflation Factor (VIF) is used to examine multicollinearity existence. If VIF is closed to 1, it can conclude that there is no multicollinearity issue for the studied variable. Durbin-Watson (DW) indicators were also considered in order to detect the presence of autocorrelation in the residuals from the derived regression analysis. The models were significant at the .95 confidence level. The models were built by analysing the past relationships between housing prices and independent determinants. The three models shown in Table 3 have statistically significant results recorded. The dependent variable of Model 1 is the median price of the established house price for Sydney. The data series has been transferred to log 10. At the significance level of 0.05, the adjusted R-square of 99.9 percent shows that the fluctuation in housing prices can be explained by the house price movements at the previous period and mortgage lending rate in the studied period. The model is considered to be a good fit to explain the housing price fluctuations. A one percent increase in the previous house prices during the given period is associated with a 0.983 per cent increase in housing prices during the same period. A one percent increase in mortgage lending during the given period is associated with a 0.004 percent decrease in housing prices during the same period.
Model 2 and 3 use the percent change of median price of established house for Sydney as a dependent variable. The mortgage lending rate indicates statistical significant in both models. The total dwelling unit approval for building houses shows the supply element contributing to house price changes. The supply of new housing is relatively inelastic in the short term. Model 2 had an adjusted R-square value of 0.262, slightly superior to Model 3, which was 0.184. In Model 2, a one percent change in the building approval for building houses during the given period is associated with a 9.076 percent change in housing price during the same period. The mortgage variable rate has a significant contribution in Model 2. A one percent decrease in the mortgage variable rate during the given period is associated with a 0.413 percent change in the median house price during the same period. The changes of net overseas migration also play a role in contributing house price changes. A one percent change of net overseas migration during the given period is associated with 0.077changes in the median house price during the same period. This paper have developed three multiple regression models to examine the main factors that contribute house price increases in Sydney market for the period of March 1994 to June 2014. The statistical results have provided evidences that house price performance in the last/previous period, mortgage lending rate, housing supply in term of unit approval for building houses and net overseas migration are the main factors that contribute to the house price fluctuation in Sydney for the last decade. Some of the findings from this research coincide with the findings of Otto (2006) , who concluded that the role of economic activity, population growth, mortgage rates and inflation as key drivers of the real growth rates of house prices in Australian capital cities over the period of 1986:2 to 2004:3. The median weekly family income and unemployment rate have not shown statistical significant in the derived models. Those findings are different from Reichert (1990) , Brown et al. (1997) , Dieleman et al. (2000) , Abelson (1997) , and Voith (1999) which included household income. Household income has also been suggested as a main determinant of housing demand by Pain & Westaway (1997) and Megbolugbe et al., (1991) . The reason is that housing is an expensive product, it requires long-term commitment for repayment.
The developed models have suggested that mortgage variable rate was a factor that influenced house price appreciation in Sydney. For a mortgage size of 500,000 dollars, a 0.25 percent increases in mortgage interest rate could lead to an additional repayment of 1,250 dollars a year. This result agrees with the findings from Sutton (2002) and . However, the Interest rate was not statistically significant in the model for Hong Kong (Tse et al., 1999) . This could be that housing price was not affected by the change of interest rate in the short term, and thus it may be intrinsically affected by other variables.
Australia's population growth relies heavily on overseas migration. Net overseas migration was one of the variables derived in the developed models in Sydney housing market. Relative to other variables, it shows a weak impact on housing prices (recorded in Table 4 ). The finding is similar with Tse et al. (1999) population was associated with a 0.0012 percent increase in housing price, using yearly data. The reason of such results could the length of the study as demographic factors have been demonstrated as important variables for housing price determination in the long term (Ho & Ganesan, 1998) . The variable 'total number of dwelling unit building approval 'was suggested by the developed models in this study as one of the important variables contributing to house price increases in Sydney. The shortage of housing supply in Australia was blamed for Australian's affordability crisis (Gurran and Phibbs, 2013) . The National Housing Supply Council (Commonwealth of Australia, 2012) reported that there was a shortage of 228,000 dwellings in 2011 in Australia. The Council also projected that the housing shortfall will rise by around 141,000 in the five years to June 2016.
Conclusion
Based on the research findings, it can be concluded that house price increases in Sydney during the last decade were principally determined by the factors of mortgage interest rate, housing supply and population growth. Multiple regression analysis (MRA) is one of the methods applied to derive the main determinants. However, there are limitations of using MRA modelling because the variables are non-linear. Brown et al. (1997) indicated the problem of coefficient instability in the regression model as an economic system is itself unstable. One of the difficulties of using MRA is handling problems with multicollinearity and non-linearity among variables. Hence, it is difficult to perform such multi-attribute non-linear mappings using regression. Also, regression models lack the ability to learn by themselves, generalise solutions, and respond adequately to highly correlated, incomplete data (Shaw, 1992) . Therefore, it is worthwhile to try Vector Autoregressive (VAR) or nonlinear models that may help to solve the problem of building in regression statistics.
